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(S) Method and apparatus for buffering electrical signals. 



(§) A circuit and method for buffering a high 
output impedance voltage generator circuit to a 
low input impedance load circuit is described. 
Two emitter-follower stages are used with a 
load current feedback configuration so that the 
base to emitter voltages of ail four transistors 
maintain a fixed relationship and therefore the 
output voltage presented to the load maintains 
a fixed relationship to the input voltage presen- 
ted to the buffer amplifier circuit. 
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This invention relates to improvements in circuitry 
for buffering electronic circuits to each other, and 
more particularly to improvements in circuitry for buf- 
fering a circuit that has an output voltage at a high out- 
put impedance to a low input impedance load or load 
circuit while maintaining an accurate output voltage, 
regardless of the load conditions. 

It is a common technique to interpose a "buffer" 
amplifier, usually incorporating an emitter-follower cir- 
cuit, between two circuits to minimize the interaction 
between the two circuits and to isolate the first circuit 
from the second. Typically the buffer will have a high 
input impedance to impose only light loading on the 
first circuit, and a low output impedance to enable the 
buffer to drive heavy loads, such as those presenting 
small load resistances. Without a buffer amplifier be- 
tween a circuit having a high output impedance and 
a circuit with a low input impedance, most of the sig- 
nal is dropped across the internal impedance of the 
source. Properly set up, the buffer amplifier will pres- 
ent an output voltage equal to its input voltage. 

There are typically two ways to implement the 
buffer amplifier. The first way is using open loop cir- 
cuits in which there is no voltage feedback. The sec- 
ond way is using closed loop circuits in which there is 
voltage feedback. One of the advantages of open 
loop circuits is that they offer greater response speed 
than closed loop circuits, generally having shorter 
propagation delay. The problem with open loop cir- 
cuits is that they are imprecise, since there is no way 
of correcting output signal errors. On the other hand, 
one of the advantages of closed loop circuits is the 
greater accuracy and precision that feedback makes 
possible. The drawbacks of closed loop circuits are 
that gain is traded off for precision, and the response 
speed is slower, since the propagation delay is in- 
creased. Also, the stability of the loop in closed loop 
circuits becomes a problem, since out-of-control os- 
cillations may occur; therefore, the bandwidth of the 
loop is usually reduced to insure stability. Thus, if 
there is a requirement for wide bandwidth, the use of 
a voltage feedback loop may be inappropriate and an 
open loop approach may be necessary. 

When constructing buffer amplifier circuits that 
use several cascaded bipolar transistor stages, it is 
necessary to provide a "matching" of the base to emit- 
ter voltages (V BE 's) of the transistors in the various 
stages to enable the output voltage to be a replica, as 
precisely as possible, of the input voltage. Such 
matching can be achieved by proper control of the rel- 
evant parameters, such as the collector currents, the 
type of transistors (i.e., NPN or PNP), the areas or si- 
zes of the emitters, the geometry of the devices, and 
the collector-emitter voltages. In a bipolar transistor 
V BE follows the formula: 

Vbe = VVInf 
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where V T is approximately equal to 26 mV and l s is a 
technology-dependent parameter which is propor- 
tional to the emitter area of the transistor. Therefore, 
V BE decreases by approximately 1 8 mVfor every dou- 

5 bling of the emitter area. Not only is the V BE directly 
affected by the area of the emitter of a transistor, but 
also by collector current. Therefore, V BE s can be 
closely matched in the stages by appropriately sizing 
the emitters and the relative collector currents. 

10 Thus, the usual method of matching V BE 's in- 

volves imposing equal currents through transistors 
that are of the same type (i.e., both NPNs or PNPs) 
and emitter size. For example, two NPN transistors of 
equal size handling the same collector current will 

15 have equal V BE 's. However, an NPN transistor and a 
PNP transistor will generally have different V BE 's for 
the same collector current. In the past, at times the 
V BE 's of NPNs have been matched to PNPs, but only 
for establishing desired static conditions, such as 

20 biasing. V BE matching has not been used for transis- 
tors carrying dynamic signals. In light of the formula 
given above, however, it becomes apparent that an 
approximation of the voltage drop (V BE ) on an NPN 
transistor to that of a PNP transistor for the same cur- 

25 rent may be obtained by appropriately scaling their 
relative emitter areas (if the two devices are not in- 
trinsically similar due to their construction). 

It can be seen that the simplest multiple transistor 
buffer amplifier comprises two cascaded "emitter fol- 

30 lower" stages that are of opposite polarity, i.e., one 
NPN and one PNP, to partially compensate for the V BE 
voltage drops. 

Not only is the V BE of a transistor in one stage typ- 
ically different from the V BE of a transistor in another 

35 stage, unless they are purposely made equal by im- 
posing special conditions, but the transistors will also 
tend to have different collector currents according to 
the respective loads. Accordingly, what is needed is 
a circuit that matches the V BE of an NPN transistor in 

40 one stage to the V BE of a PNP transistor in another 
stage independent of the current in the load to ach- 
ieve at least a first order load independence. For tran- 
sistors which have V BE 's within a certain range, the 
circuit should automatically establish the required col- 

45 lector currents in the two stages so that equal V BE 's 
are continuously maintained. This current will be de- 
pendent on the transistor type and will not necessarily 
be equal in both stages. 

In light of the above, therefore, it is an object of 

so the invention to provide an improved apparatus and 
method for buffering a generator circuit having a high 
output impedance to a load having a low input impe- 
dance that maintains an output voltage substantially 
equal to the input voltage despite variations in the 

55 loading conditions and the input signal. 

It is another object of the invention to provide an 
improved apparatus and method of the type descri- 
bed to provide an output signal over a wide band- 
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width. 

It is yet another object of the invention to provide 
an improved apparatus and method of the type de- 
scribed to provide a buffer circuit having the speed of 
response typical of open loop implementation. 

It is still another object of the invention to provide 
an improved apparatus and method of the type de- 
scribed that is "self biasing" in that it uses load current 
for biasing and does not require externally provided 
biasing currents to operate. 

It is yet another object of the invention to provide 
an improved apparatus and method of the type de- 
scribed that utilizes "matching" of the V BE 's of transis- 
tors in different stages of an emitter-follower circuit to 
provide an output voltage that is precisely equal tothe 
input voltage regardless of the load conditions. 

It is still another object of the invention to provide 
an improved apparatus and method of the type de- 
scribed that automatically sets the required collector 
currents in the two stages of the emitter-follower cir- 
cuits so that equal V B e's in the two stages are contin- 
uously maintained, using load current feedback tech- 
niques. 

These and other objects, features and advantag- 
es of the invention will be apparent to those skilled in 
the art from the following detailed description of the 
invention, when read in conjunction with the accom- 
panying drawings and appended claims. 

In accordance with a broad aspect of the inven- 
tion a buffer circuit is provided for buffering the vol- 
tage output of an input circuit presenting a high output 
impedance to a load presenting a low impedance. A 
load current flows through a first emitter-follower 
stage to an output node connected to the load. The 
first emitter-follower stage has first and second tran- 
sistors, each having an emitter, a base, and a collec- 
tor, the first transistor being diode-connected to a 
supply voltage, and a second emitter-follower stage 
has third and fourth transistors, each having an emit- 
ter, a base, and a collector, the base-emitter voltage 
of the third transistor being equal to the base-emitter 
voltage of the first transistor to force a current to flow 
in the second stage. An input voltage signal from the 
input circuit is delivered to the base of the fourth tran- 
sistor. Means are provided for feeding back a current 
proportional to the load current to the second stage 
to automatically maintain a fixed relationship between 
the voltage of the V BE of the second transistor and the 
V BE of the fourth transistor, thereby maintaining a vol- 
tage at the output node that has a fixed relationship 
to the input voltage signal. A startup transistor is also 
provided for starting the circuit when no load current 
is being drawn by driving a current into the load cir- 
cuit 

In accordance with another broad aspect of the 
invention, a method for buffering an input voltage sig- 
nal to a load is presented. The method includes pro- 
viding a first emitter-follower stage through which a 



load current flows to an output node connected to the 
load, the first stage comprising first and second tran- 
sistors, each having an emitter, a base, and a collec- 
tor, the first transistor being diode-connected to a 
5 supply voltage, and providing a second emitter-fol- 
lower stage comprising third and fourth transistors, 
each having an emitter, a base, and a collector. The 
base-emitter voltage of the first transistor is im- 
pressed on the base-emitter junction of the third fran- 
co sistor to force a current to flow in the second stage, 
and a portion of the load current is fed back to the 
second stage to maintain a fixed relationship be- 
tween the voltage of the second transistor and the 
fourth transistor. 
15 The invention is illustrated in the accompanying 

drawings, in which: 

Figure 1 is an electrical schematic diagram of a 
buffer amplifier circuit constructed in accordance 
with a preferred embodiment of the invention. 
20 Figure 2 is an electrical schematic diagram of a 

buffer amplifier circuit constructed in accordance 
with another preferred embodiment of the invention. 

Figure 3 is an electrical schematic diagram of a 
buffer amplifier circuit constructed in accordance 
25 with yet another preferred embodiment of the inven- 
tion. 

In the circuits illustrated in the various figures, 
like reference numerals are used to denote like or sim- 
ilar parts. 

30 An electrical schematic diagram of a buffer am- 
plifier 1 0 in which the apparatus and method in accor- 
dance with a preferred embodiment of the invention 
are embodied is shown in Figure 1. The circuit 10 in- 
cludes a first emitter-follower stage 11 that has two 

35 NPN transistors 20 and 24 with their emitter-collector 
paths connected between a Vcc rail 18 and an output 
node 26. The base and collector of the first transistor 
20 are connected to the rail 18 so that the first 
transistor 20 is diode-connected thereto. A load 28 is 

40 shown connected between the output node 26 and a 
reference potential, or ground, as shown. The load 28 
may be fabricated as a part of the circuit 10, or, the 
node 26 may be adapted for connection to a separate 
load circuit (not shown). 

45 In addition, the circuit 10 includes a second emit- 
ter-follower stage 13 having two PNP transistors 16 
and 14, with their emitter collector paths also con- 
nected between the Vcc rail 18 and ground. The base 
of the PNP transistor 16 is connected by a line 19 to 

so the emitter of the NPN transistor 20, and, the emitter 
of the PNP transistor 14 is connected to the base of 
the NPN transistor 24 by a line 27. As will be descri- 
bed, the line 19 provides a feedback circuit to feed 
back a current proportional to the toad current that 

55 flows in the first emitter-follower stage 11 to the PNP 
transistor 16, thereby impressing the base-emitter 
voltage of the transistor20 onto the base emitter junc- 
tion of the PNP transistor 1 6, forcing a current to flow 
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through the second emitter-follower stage 13. Thus, 
the voltage at the output node 26 is maintained with 
a fixed relationship to the input voltage signal 12. 

The circuit shown in Figure 1 generates an accu- 
rate output voltage for a wide range of input voltages. 5 
Although the buffer amplifier 10 can be constructed 
of discrete components, preferably it is integrated 
onto a single semiconductor chip adapted for connec- 
tion between a voltage generator circuit and a load cir- 
cuit 10 

The operation of the circuit is based on a match- 
ing of the base to emitter voltages of transistors in two 
"emitter-follower " stages through the use of "load 
current feedback". If the errors due to base and Early 
voltage are neglected (which may be compensated 15 
for by more complex circuitry well known in the art), 
in order to have the output voltage (V OU t) on the node 
26 precisely match the input voltage (V| N ) 12, the V BE 
of PNP transistor 14 must match as precisely as pos- 
sible the V BE of the NPN transistor 24, because the 20 
signal path of the input voltage is through the base- 
emitter junction of the transistor 14 and the base- 
emitter junction of the transistor 24 to the load 28. 

In addition, the input voltage 12 to the buffer am- 
plifier 10 is connected to the base of an NPN transis- 25 
tor 22 which assists in the startup of the circuit This 
assistance may be necessary when the initial load 
current is zero, because in that condition there may 
be no current through the circuit with the result that 
the transistors are unbiased, since the buffer circuit 30 
10 is "self biasing" using the load currents for proper 
biasing, and does not require externally provided 
biasing currents to operate. To solve the potential 
startup problem the transistor 22 drives a current into 
the load 28. Once the circuit 10 is operating, the load 35 
current flows through the collector-emitter junctions 
of the transistor 24 and the transistor 20. 

The transistor 20, being diode-connected and 
with its emitter connected to the base of the transistor 
16, imposes its V BE onto the base-emitter junction of 40 
the transistor 16, creating a collector current through 
the transistors 16 and 14. Since the concept of load 
current feedback is utilized in which the load current 
through the transistor 24 is partially fed back via the 
feedbackline 19 to the base of the transistor 1 6 so as 45 
to continuously maintain the V BE of the transistor 14 
equal to V BE of the transistor 24, the V BE 's of all four 
transistors 14, 16, 20, and 24 are therefore equal, as- 
suming the inherent V BE values of the transistors are 
not excessively different If the V BE values of the par- 50 
ticular transistors that are used in a given embodi- 
ment are very different, then other solutions may 
need to be implemented to reduce the output voltage 
error. 

One solution t hat may be implemented is to prop- 55 
erly size the emitter areas of the respective transis- 
tors. By appropriately sizing PNP emitter areas rela- 
tive to NPNs, appropriate currents may be forced in 
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the two stages for the same V BE 's, thus minimizing 
errors. 

Another solution that may be used is to employ 
resistors of substantially equal value in series with the 
emitters of the transistors of either stage to perform 
the correction. If the V BE 's of the PNP transistors 14 
and 16 are too small, the resistors would be placed in 
series with their emitters. This configuration is shown 
in Figure 4, wherein a resistor 70 is connected be- 
tween the voltage supply 18 and the emitter of tran- 
sistor 1 6, and a resistor 72 of substantially equal value 
to resistor 70 is connected between the collector of 
the transistor 16 and the emitter of the transistor 14. 
on the other hand, if the V BE 's of the NPN transistors 
24 and 20 are too small, the resistors would be placed 
in series with their emitters. This configuration is 
shown in Figure 5, wherein a resistor 74 is connected 
between the emitter of the transistor 20 and the col- 
lector of the transistor 24, and a resistor 76 of sub- 
stantially equal value to resistor 74 is connected be- 
tween the collector of the transistor 24 and the load 
device. However, this method of matching V BE 's only 
works for a limited range of current, since the voltage 
drop on a V BE follows a logarithmic curve when plot- 
ted against current, while the resistor has a linear 
curve. 

Depending upon the application, the base cur- 
rent of the NPN transistor 24 may become a source 
of error if it is large enough compared to the collector 
current of the transistor 16. To eliminate this error a 
"base current cancellation" technique can be used by 
which the base current of the transistor 24 is repro- 
duced and mirrored into the base of the transistor 24 
to obtain a first order compensation. This configura- 
tion is illustrated in Figure 6 wherein transistors 84, 
82, and 80 have been added to "cancel out" the base 
current of the transistor 24. The emitter of PNP tran- 
sistor 80 is connected to V a 18, the collector of the 
transistor 80 is connected to the collector of the tran- 
sistor 14 and the base of the transistor 24, and the 
base of the transistor 80 is connected to the base and 
collector of PNP transistor 82 and the base of the 
transistor 84. The emitter of the transistor 82 is con- 
nected to Vcc 18, and the collector of the transistor 82 
is connected to the base of the transistor 84. The col- 
lector of NPN transistor 84 is connected to the emitter 
of the transistor 20 and the emitter of the transistor 84 
is connected to the collector of the transistor 24. In 
operation, if the transistor 84 is identical to the tran- 
sistor 24, since they have approximately the same 
collector current, they also have approximately the 
same base current (l B ) which is "mirrored" by transis- 
tors 82 and 80 and fed back to the base of the tran- 
sistor 24, thus "canceling" the error on the V BE of the 
transistor 14 due to l B . More elaborate schemes may 
be adopted to cancel second order affects as known 
in the art 

Another circuit embodiment 30, in accordance 
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with the invention, is shown in Figure 2. The circuit 30 
is similar to the circuit described with respect to Fig- 
ure 1, except the startup transistor 34 is connected 
with its collector attached to the supply voltage 40, its 
base attached (as in Figure 1) to the input voltage 32, 
and its emitter connected to drive a current into the 
base of the transistor 24 to create a current through 
the load 48. The operation of the Figure 2 circuit con- 
figuration is different from the Figure 1 embodiment 
because it supplies a load current only when V| N 32 
is at least equal in magnitude to the V BE drops across 
the transistors, since both transistors 34 and 24 must 
be turned on. 

As with the Figure 1 embodiment, the emitter si- 
zes may be varied to create equal V BE 's among the 
various transistors. The same effect may also be ach- 
ieved through the use of appropriate sized resistors 
in series with the emitters of the various stages. Base 
current cancellation techniques may also be em- 
ployed to eliminate errors caused by excessive base 
currents of the transistor 24. As with the embodiment 
of Figure 1 this circuit is self biasing. 

Another circuit embodiment 50 of the invention is 
shown in Figure 3. This circuit embodiment includes 
a load current path 51 from the Vcc rail 60 through the 
emitter-collectors a PNP transistor 62 and an NPN 
transistor 64 to an output node 66 to which a load 68 
may be connected. A control current path 53 is pro- 
vided through the emitter-collector paths of PNP tran- 
sistors 58 and 56 between the rail 60 and ground. 
The bases of the transistors 58 and 62 are connected 
to each other and to the collector of the transistor 62. 
Similarly, the base of the transistor 64 is connected 
to the collector of the transistor 58. The startup tran- 
sistor 54 is an NPN device, having its emitter collector 
path connected between the rail 60 and the emit- 
ter of the transistor 56. The input voltage signal is ap- 
plied from an input node 52 to the bases of the tran- 
sistors 54 and 56. 

In contrast to the circuit embodiment described 
above with respect to Figures 1 and 2, in the circuit 
embodiment 50 of Figure 3, the transistor 62 is a PNP 
transistor. The transistor 56 is forced to pass the same 
collector current as the transistor 64; however, this 
circuit need not have accurately matched V BE 's for all 
its transistors, so an approximately constant offset 
between the V IN 52 and V 0 ut 66 may exist. Like the 
previously described embodiments this embodiment 
is "self biasing", and as with the previous embodi- 
ments, the emitter sizes may be varied to create equal 
V BE 's among the various transistors. The same effect 
may also be achieved through the use of resistors of 
appropriate sizes placed in series with the emitters of 
the various stages. Base current cancellation techni- 
ques may also be employed to eliminate errors 
caused by excessive base currents of the transistor 
24. 

The above described implementations may also 
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be realized in a complementary form, in which the 
first stage delivering current to the output is a PNP 
stage, while the second stage is an NPN stage. The 
start up transistor would be of PNP type. Equivalent 

5 circuits may be built using n-channel or p-channel 
transistors, thus avoiding problems with phase cur- 
rent errors, although they would be more sensitive to 
drain-source voltages for curve matching. 

Although the invention has been described and il- 

10 iustrated with a certain degree of particularity, it is un- 
derstood that the present disclosure has been made 
only by way of example, and that numerous changes 
in the combination and arrangements of parts can be 
resorted to by those skilled in the art without depart- 

15 ing from the spirit and scope of the invention, as here- 
inafter claimed. 



Claims 

20 

1. A buffer circuit for connection between an input 
voltage signal and a load, comprising: 

a first emitter-follower stage through 
which a load current flows for delivery to the load, 

25 said emitter-follower stage comprising a first and 
a second transistor, each having an emitter, a 
base, and a collector, said first transistor having 
its emitter connected to the collector of the sec- 
ond transistor, and being diode-connected with 

30 its collector and base interconnected to a supply 
voltage; 

a second emitter-follower stage through 
which a control current flows between the supply 
voltage and a reference potential, said second 

35 emitter-follower stage comprising a third and a 
fourth transistor, each having an emitter, a base, 
and a collector, the emitter of said fourth transis- 
tor being connected to the base of said second 
transistor, and the base of said fourth transistor 

40 having its collector connected to the reference 

voltage, and being connected to receive said in- 
put voltage signal; and 

a feed back circuit to feed back a portion 
of said load current to said third transistor, where- 

45 in the base-emitter voltage of the first transistor 

is impressed on the base-emitter junction of the 
third transistor to force a current to flow through 
said second stage by connecting the collector of 
the third transistor to the emitter of the fourth 

so transistor to maintain a voltage across the load 
that has a fixed relationship to the input voltage 
signal. 

2. The buffer circuit of claim 1 further comprising a 
55 startup transistor for starting the circuit when no 

load current is being drawn by driving a current 
into the load circuit. 
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3. The buffer circuit of claim 2 wherein said startup 
transistor has an emitter, base, and collector, the 
emitter and collector being connected in parallel 
with the emitter and collector of said second tran- 
sistor, and the base being connected to receive 5 
said input voltage signal. 

4. The buffer circuit of claim 2 wherein said startup 
transistor has an emitter, base, and collector, the 
emitter and base being connected in parallel with 10 
the emitter and base of said fourth transistor, and 

the collector being connected to said reference 
voltage. 

5. The buffer circuit of claim 1 wherein said buffer 15 
circuit has a high input impedance and low output 
impedance. 

6. The circuit of claim 1 wherein the base-emitter 
voltages of the second transistor in the first stage 20 
and the fourth transistor are maintained with 
fixed values, thereby maintaining a voltage 
across said load that is substantially equal to the 
input voltage signal. 

25 

7. The circuit of claim 6 wherein the fixed values are 
substantially equal values. 

8. The circuit of claim 6 wherein the emitter areas of 

the first and second transistors are substantially 30 
equal, and the emitter areas of the third and 
fourth transistors are substantially equal. 

9. The circuit of claim 1 wherein the emitters of the 
transistors in the two stages are sized to produce 35 
a V BE in the second transistor that is substantially 
equal to the V B e of the fourth transistor. 

10. The circuit of claim 1 wherein resistors of sub- 
stantially equal value are placed in series with the 40 
emitters of the first and second transistors to 
maintain the V BE of the second transistor sub- 
stantially equal to the V BE of the fourth transistor. 

11. The circuit of claim 1 wherein resistors of sub- 45 
stantiaily equal value are placed in series with the 
emitters of the third and fourth transistors to 
maintain the V BE of the second transistor sub- 
stantially equal to the V BE of the fourth transistor. 

50 

12. The circuit of claim 1 wherein said first and sec- 
ond transistors are NPN transistors and said third 
and fourth transistors are PNP transistors. 

13. The circuit of claim 1 further comprising a pass 55 
transistor having an emitter, a base, and a collec- 
tor, said pass transistor being in series with the 
collector of the second transistor and having its 
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base current mirrored into the base of said sec- 
ond transistor to obtain a first order compensation 
of the base current of said second transistor. 

14. A circuit for buffering a high output impedance 
voltage generator circuit that provides an input 
voltage signal to a low input impedance load cir- 
cuit, comprising: 

a first NPN transistor having an emitter, a 
base, and a collector, the base and collector be- 
ing connected to a supply voltage; 

a second NPN transistor having an emitter, 
a base, and a collector, the collector being con- 
nected to the emitter of the first NPN transistor 
and the emitter being connected to the load cir- 
cuit; 

a first PNP transistor having an emitter, a 
base, and a collector, the emitter being connect- 
ed to the supply voltage, the base being connect- 
ed to the emitter of the first NPN transistor, and 
the collector being connected to the base of the 
second NPN transistor; 

a second PNP transistor, having an emit- 
ter, a base, and a collector, the emitter being con- 
nected to the collector of the first PNP transistor, 
the collector being connected to a reference po- 
tential, and the base being connected to the input 
voltage signal. 

15. The circuit of claim 14 further comprising a start- 
up transistor having an emitter, a base, and a col- 
lector, the base being connected to the input vol- 
tage signal, the collector being connected to the 
emitter of the first NPN transistor, and the emitter 
being connected to the load circuit 

16. The circuit of claim 15 wherein said startup tran- 
sistor is a NPN transistor. 

17. The circuit of claim 14further comprising a start- 
up transistor having an emitter, a base, and a col- 
lector, the base being connected to the input vol- 
tage signal, the collector being connected to the 
emitter of the first PNP transistor, and the emitter 
being connected to the collector of the first PNP 
transistor. 

18. The circuit of claim 17 wherein said startup tran- 
sistor is a NPN transistor. 

19. A buffer circuit for connection between a voltage 
generator circuit having a high output impedance 
that provides an input voltage and a load having 
a low input impedance, comprising; 

a first emitter-follower stage to provide an 
output current to the load; 

a second emitter-follower stage to receive 
said input voltage and having an output for deliv- 
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ering a voltage proportional to the input voltage 
to said first stage; 

and a feedback circuit between said first 
and second stages to feed back to said second 
stage from said first stage a current proportional s 
to the output current to maintain an output vol- 
tage on the load substantially equal to the input 
voltage . 

20. The circuit of claim 19 wherein said first stage 10 
comprises a first and a second NPN transistor, 
each transistor having an emitter, a base, and a 
collector, the first transistor being diode-connect- 
ed to a supply voltage; 

and wherein said second stage comprises 15 
a first and a second PNP transistor, each transis- 
tor having an emitter, a base, and a collector, the 
base-emitter voltage of the first NPN transistor 
being forced across the base-emitter junction of 
the first PNP transistor to force a current through 20 
the second stage to provide load current feed- 
back to said second stage to provide a current to 
maintain substantially equal base-emitter voltag- 
es between said second PNP transistor and said 
second NPN transistor to thereby maintain an 25 
output voltage on the load circuit substantially 
equal to the input voltage . 

21 The circuit of claim 19 further comprising means 
responsive to the input for driving an initial cur- 30 
rent into the base of the second NPN transistor 
when no load current is initially drawn by the load 
circuit. 



24. The method of claim 22 wherein said step of pro- 
viding a first stage comprising first and second 
transistors comprises providing a first stage com- 
prising NPN transistors, and wherein said step of 
providing a second stage comprising third and 
fourth transistors comprises providing a second 
stage comprising PNP transistors. 



22. A method for buffering an input voltage signal to 35 
a load, comprising: 

providing a first emitter-follower stage 
through which a load current flows to an output 
node connected to the load, said first stage com- 
prising first and second transistors, each having 40 
an emitter, a base, and a collector, the first tran- 
sistor being diode-connected to a supply voltage; 

providing a second emitter-follower stage 
comprising third and fourth transistors, each hav- 
ing an emitter, a base, and a collector; 45 

impressing the base-emitter voltage of the 
first transistor on the base-emitter junction of the 
third transistor to force a current to flow in said 
second stage; 

feeding back a portion of said load current so 
to said second stage to maintain a fixed relation- 
ship between the voltage of the second transistor 
and the fourth transistor. 



23. The method of claim 22 further comprising pro- 
viding a startup transistor for starting the circuit 
when no load current is being drawn by driving a 
current into the load circuit 
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